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INTRODUCTION

The United States 1s rapidly becoming anm urban nation. At
the present time, 75% of our populaticn and most of the industrial
capacity of this nation 1is concentrated in urban or suburban
areas, Most of the growth 1s taking vlace in outlying areas
around the central city. By 1980, three of every five persons
in metropolitan areas will live in the suburbs (5).* Decentralization
of the city and suburban sprawl are taxing the existing transpor-
tation facilities in many U.S. cities. It is imperative that the
tfansportation planners in urban areas strive to meet this domestic
challenge and create cities that are economicallyhealthy and thriv-
ing, and at the same time attractive and satisfying places for
living and working.

It is essential to the economic health of any urban area that
the transportation system provides the efficient movement of both
people and goods. Transportation plans must be continually up-
dated to coordinate land use and the development of transportation
facilities. All transportation planning should be based on a
systems analysis approach in which the planned facility must be
examined Iin conjunction with the interaction of all its sub-
systems, as well as their whole environment.

The passage of the Federal-Aid Highway Act of 1944 provided
the first regular Federal-aid highway funds for use within urban
areas, and the Bureau of Public RKoads (now the Federal Highway
Administration) has actively promoted urban transportation planning

since that time. Section 9 of the Federal-Aid Highway Act of

*
Numbers in parentheses refer to references at the end.



1962 required that programs for Federal-aid highway projects
appcoved after July 1, 1965, for urban areas of more thanm 50,000
population be based on continuing, comprehensive transportation
plans. (5) This program must be carried on caoperatively by the
state and local community.

The complete, comprehensive character of the planning process
raquires an extensive inventory of the tramsportation system,
community goals and objectives, and growth potential of the com-
munity. The economic factors effecting development, population
growth and land-use characteristics of the area must be analyzéd.
Estimates of future demands for transportation for both persons
and goods must be made. A traffic system and control inventory
for the area is algso necessary. The scope of the inventories and
the extent to which the various-analyses are carried will vary de-
pending upon such factors as city size, age, proximity to other
centers of population, and growth potential. There have been many
guidelines established to aid in the analysis of travel fore-
casting.

Urban traffic patterns have been primarily a function of three
items:

1. The pactern of land use in an area, including the
location and intensity of use,

2. The various social and economic characteristics of
the population of an area, and

3. The type and extent of the transportation facilities
available in an area.

Relating these factors provides quantitative information about the
travel demands penerated by alternate land-use patterns and

transportation systems.



To obtain this information and provide a comprehensive
urban tranaportation plan the planner must proceed through four
general phases:

1. Inventories

2. Analysis of existing conditions and the calibration
of forecasting techniques.

3. The forecasting of future conditrions.

4. An analysis of future transportation systems which
also provides for essential feedbacks between the
transportation and land-use elements.

Figure 1 illustrates the elements which comprise the four
phases of the urban transportation process.

Because of the large amounts of data required to conduct an
urban transportation plan, the application of computers to solve
traffic problems evolved. The application of computers to trans-
portation planning has permitted further development and refine-
ment of the profession. The Bureau of Public Roads began utiliz-
ing computers for transportation planmning in 1956, and a "battery"
of transportation planning computer programs was initiated on the
first IBM 704 in 1958. 1In 1961-1962 a library system which included
60 individual urban planning programs called BELMN was established
for the IBM 7090/7094 computer. Another library of programs was
begun at Texas A&M University during this period and was called
the Texas system. The Texas and BELMN libraries are essentially
duplicates except for the selected link analysis on the Texas
system and the capacity diversion analysis on BELMN. Both have
been extensively used in the United States, Europe, the Orient

and the Southern hemisphere (5).
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Figure 1: Urban Travel Forecasting Process



In 1964 the Bureau of Public Roads prepared a battery
of transportation planning programs for the IBM 360. The IBM
360 was chosen since the intended users of the battery, the
state highway departments, had the IBM 360 for their own computer
installations. In addition to the basic program sets for traffic
agssignment and trip distribution the FHWA battery includes special
analysis programs for capacity calculations, parking studies,
cross tabulations, etc. The system flow chart for the FHWA program
is shown in Figure 2.

The Urban Transportation Planning System (UTPS) was developed
by the Urban Mass Transportation Administration (UMTA) in the 1970's.
UTPS is a collection of IBM system/360-370 computer programs for
use in planning multimodal, urban transportation systems. For this
reason the UMTA package has greater capabilities that camn be util-
ized by large cities.

Smaller computer packages commonly referred to as '"teaching
packages" have also been written aund used for special purposes,
They were developed primarily for educational uses, but they have
capability for planning in smail areas. For areas larger than
twenty or thirty zones it appears that the efficlency of these
smaller packages decreases and the computer cost rises.

Two "teaching" packages will be examined in this report. One
of these programs was written by various classes at Northwestern
University and revised by students at Purdue University and adopted
for the CDC6500 computer. This program was further revised and

rewritten by the author, with assistance of computer consultants,
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for use on the IBM 360 and will be used in future transportation

plzaning courses. The other '"teaching'" package examined was

written at the Institute of Transportation and Traffic Engineer-

ing of the University of California for use on the IBM 1620.



URBAN TRANSPORTATION PLANNING PROCESS

Introduction

The urban transportation process 1is an extremely complex
process. The sequential process which the analyst must follow
is made up of the following discrete steps: inventories, trip
generation, trip distribution, traffic assignment and modal
split which may be either pre- or post-distribution. The theory
and description of these processes 1s discussed in this section

of the report and applied in following sections.

Inventories

The comprehensive nature of the transportation planning
process requires a large amount of data collection. The process
relies on measurable and observed base¥year characteristics as a
basis for feorecasting future system requirements. The inventories
usually require information about the following elements:

1. Land Use (Economic factors affecting development)

2. Population

3. Tramsportation facilities

4, Travel Patterns (Origin-Destination Surveys)

5. Legislation

6. Financial Resources

7. Social and community-value factors

Population and land-use characteristics are analyzed to
establish historic trends in growth patterns, intensity and loca-

tion of land use in urban areas, and to prepare population density



and zoning maps. This data can be obtalned from home and tele-
phone interviews, census da*a, field surveys, aerial photographs
and fire insurance atlases.

Trénsportation facility inventories are made on existing
highway and transit systems, including their terminals. These
inventories are essential to the whole process, particularly in
the traffic assignment phase. Street and highway capacities, traffic
volumes, traveltimes and functional classification of streets are
items found from the highway inventory. The transit and terminal
system inventory provides information about the area served, oper-
ating statistics, passenger volume, revenue, cost and system data.
Data about the transportation system can usually be obtained from
the following sources:

l. Existing records

2. Supplemental field work

3. Data from previous studies

4. Traffic counts

5. Transit studies

6. Terminal studies

7. Operatiﬁnal studies

a. Travel time
b. Accidents

Origin-Destination surveys are used to provide information
about existing travel patterns within an urban area. Estimates of
future travel are then based on adjusting these existing patterns

to some future year. This information 1is then used to determine



10

location and design of new transportation facilities. There
are basically three tvpes of surveys which provide irformation
about vehicle and person travel in an urban area:

1. Home interview - Origin-Destination Survey

2. Truck and taxi interviews

3. External or internmal cordon line surveys
The home interview survey obtains a measure of the total trips
made by residents in an urban area. The truck and taxi survey
is designed to obtain a picture of the existing commercial travel
iq the urban area. The cordon line survey usually intercepts
95% of the travel crossing the study area boundary, and is used
to obtain travel patterns for private and commercial travel from
outside the survey area. Since the data of the origin-destination
survey is a sample, it is necessary to expand the data and check
the accuracy with a screenline comparison. The screenline inter-
sects the cordon line at two points usually at natural or man-
made barriers such as rivers, railroads or expressways. Classi-
fied hourly counts are made at each screenline crossing and com-
pared to the expanded interview data.

The legal factors which may affect the implementation of a
transportation plan must also be examined with regard to the
operation and standards of the governing administration. Zoning
ordinances, subdivision regulations and building codes of the
study area should be guidelines for the plan.

The financlial resources of the planning area should be studied

by the planner's staff. It is unrealistic to suggest a plan for
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a clty which is beyond the budget, or cannot be funded by other
sources, If funding sources are available to a city they should
be pointed out within the plan.

It i1s important to establish the socio-economic trends which
are assoclated with increased demand for transportation facilities.
Typically, in a comprehensive study, inventories on the following
socio-economic characteristics should be made:

1. Population growth over time

2. Employment, income, education and vehicle ownership

3. Transportation costs and revenues

4. Vehicle travel and transit usage

5. Residential neighborhood character

6. Construction, utility and maintenance costs

7. Environmental factors, pollution and azesthetics.

The data collected in inventories is expanded, summarized
and processed for analysis purposes to develop trends and relation-
ships for the design year. This data forms the basis for
developing workable models for trip gemeration, trip distributien,

modal choice and traffic assignment.

Trip Generation Models

Trip generation may be defined as the analytical process by
which the planner projects the number of trips which will originate
or terminate within each zone. These trips are estimated from
their relationship with characteristics of the area such as land

use, population, employment and other economic activity measures.
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Before the planner begins the trip generation phase he must
first make inicial decisions about the following:

1. Trip end stratification

2. .Land use stratification

3. Model for prediction purposes

a. Land Area Trip Rate Analysis
b. Cross Classification Analysis
¢. Regression Analysis

Since all trips are not homogeneous in character, it is best
to create separate models for different trip purposes. The strati-
fication of trip purpose at the trip generation stage depends on
the distribution model to be used. The choice of distribution
model is a function of the scope and objectives of the study as
well as the size of the urban area involved. The number of trips
in each category and trip length characteristics for each trip
purpose must also be considered. 1In small cities modeling is
ofteﬁ done on only three trip purposes: home-based work, non-
home-based, home-based other.

Trips are sometimes stratified by both purpose and land use
at their origin and destination. The predictive ability of the
estimating equations can be increased and checked by stratification.
For example, zones in the Central Business District should produce
less home-based work trips than residential zones. It is not
recommended that stratification become so fine that there is a
large number of zones in which the observed value of the dependent
varlables, trips, is low.

Prediction of trip making activity is possible by several

methods. All should take into account intensity, character and
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location of land-use activity and the socio-economic conditions
affecting travel patterns. Three methods which are (ommonly
used in planning will be discussed briefly in the following
secktions.

The land area trip rate analysis was utilized in the Chicago
and Pittsburg tramsportation studies (l). The methodology was
primarily the same for both studies. The traffic zones were
grouped into eight concentric rings centered about the CBD. Base
year, trip-generation rates were calculated for various land uses
on a per acre basis. Base year trips were then applied to the
developed acreage in the design year, with the total trips cal-
culated by aggregating zonal totals. This land-use based total
was then compared to a population based total for the design year
calculated from an aggregation of zonal estimates of trips per
person based on future car ownership and net residential density.
Whichever estimate appears by inspection and judgment of the
planner to be the most reliable is accepted as the control figure.
The last step is to allocate the total trips for the forecast
year to the individual traffic zomes. This method is rarely used
due to the large data requiremeats.

The technique of cross-classification analysis is a method
of determining the value of the response variable (in this case
person trips), at various levels of one or more independent
predictive variables. In its use of independent predictive vari-
ables, the method resembles the multiple regression technique.

Since distribution of values within the c¢cells can be unknown,
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and is of no consequence to the model, the techniques 1s non-
parametric, Cross classification is essentially discrete in
approach (the number of values is limited to the number of cells
used), whereas regression techniques are continuous in nature.
The primary disadvantage of the model is that its statistical
validity cannot be tested. The major advantage to the method is
that there is no assumption of linearity between the dependent
and independent variables.

Regression analysis is a statistical procedure in which the
relationship between two or more related items may be expressed
in an optimum mathematical form according to specified criteria.
Multiple regression techniques are the most widespread methods
used for trip generation analysis. The high-speed electronic
computer has made the development of trip genmeration equations
a relatively fast, "prepackaged" process. It is important that
the analyst does not become disassociated from the data. Both
the statistical validity and the reasonableness of the model should
be determined. Methods of evaluation of multiple regression trip
generation analyses are discussed in the following paragraphs.

Since multiple regression is a statistical analysis technique,
it is important that the various standard tests of validity be
considered and that the model be evaluated by these means. The
model obtained from multiple regression is only as accurate as
the validity of the basic assumptions made and the statistical
significance of the results. The first basic assumption made is
that all variables are assumed to be random with a normal distri-

bution. The second is that the predictive variables are assumed
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to be independent of each other. The effects of violating
either of these assumptions will be discussed and illustrated
later in the report. -

The greatest advantage of the mulctiple-regression appreoach
is the ease with which the analyst can determine the degree of
relationship between the dependent and independent variables, and
define the precision of the model itself. Some of the common
measures of statistical validity are:

1. The Coefficient of Multiple Determination (Rz) is a
measure of the amount of variance described by the
model.

2. The Standard Error Estimate (5 ) is a measure of
deviation of observed trip vallles from values
predicted by the model.

3. Partial Correlation Coefficient (r:) of an independent
variable describes the relation be%ween the dependent
variable and the particular independent variable
under consideration.

4. "t" tests indicate the statistical significance of
the regression coefficient of each independent
variable in the regression equation.

5. The simple correlation matrix contains correlation
coefficients for all combinations of variables -
independent and dependent

Applications of these measures of statistical validity is dis-
cussed and illustrated later in the report.

The trip generation model selected from regression analysis
may possess statistical validity yet give unreasonable results.
Only independent variables which can be forecasted within a
reasonable degree of accuracy should be used in trip generation

equations. It should be remembered by the analyst that the trip

generation equations are only as good as the future estimates of
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the independent variables. Only variables which will be stable

over time and have a causal relationship with the dependent
variable, trips, should be chosen. In order to have a meaning-

ful relétionship and confidence in the forecast, the independent
variables must have a causal relationship with the dependent var-
iable. Equations containing independent variables that demonstrate
a2 high degree of colinearity (not independent of each other) must

be avoilded. The result of using a model with two colinear variables
is in effect to count the same factor twice.

Zonal aggregates and rates should not be intermixed in the
gsame trip generation equation. The analyst must use logic when
examining the positive or negative contribution of the independent
variables in a regression equation. When the contribution of a
dependent variable appears to be illogiﬁal it should be omitted.
Application of the above rules to trip generation models will be
studied in the "Skokie" area example problem.

The desired end product in trip generation analysis is an
accurate prediction of trips within the transportation study area.
These trip end volumes are difficult to forecast directly and
depend on many diverse variables such as income, location, auto-
mobile ownership, etc. The goal of the trip generation analysis
is to establish a functional relationship between trip-end volumes,

land use and socio-economic characteristics within the study area.

Trip Distribution Models

After the trip generation phase, the planner has knowledge

of the number of trips generated in each zone, broken down by
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trip purpose. The trip distribution analysis determines to what
zones the trips are goilng, 1.e., a zone to zone trip matrix 1s
obtained. There are basically two types of models used for
distributing trips, growth factor and mathematical models.
Mathematical models depend greatly upon the origin-destination
study for calibration purposes (1l).

Growth factor methods project into the future on the basis
of existing travel patterns, determined from origin-destination
survey data and growth projected. Growth factors are developed
for each zone and trip purpose. Successive iterations are made
based on the ratio of newly calculated trip ends to projected
trip ends for the design year. The growth factor methods used
are the uniform factor, average factor, Detroit and Fratar methods.
The most widely used growth factor method is the Fratar method.
The Fratar method is presently used in the FHWA battery for
external-internal trips. The greatest advantage of growth factor
techniques is that they reflect many unique travel patterns in
urban areas. They are most applicable to slow growing areas. In
major urban studies, land-use changes force extensive adjustments
to the procedure. For this reason large cities have typically
used the mathematical models to distribute trips.

The mathematical models synthesize travel patterns by re-
lating them to characteristics of land use and the transportation
syetem. The two most commonly used mathematical models are the
gravity and intervening opportunity models. These models measure

the producing and attracting power in a zone in terms of trip ends.



